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INTRODUCTION:
The study of magnetohydrodynamic (MHD) flow is very important because the influence of a magnetic field on the viscous flow of electrically conducting fluid is essential in many industrial processes, such as in magnetic materials processing, purification of crude oil, MHD electrical power generation, glass manufacturing, geophysics and paper production. The magnetohydrodynamic is one of the important factors by which the cooling rate can be controlled and the product of the desired quality can be achieved. The study of Magnetohydrodynamics (MHD) boundary layer flow on a continuous stretching sheet has attracted considerable attention during the last few decades due to its numerous applications in industrial manufacturing processes. Crane [1] was first to study the boundary layer flow caused by a stretching sheet which moves with a velocity varying linearly with the distance from a fixed point. K.Jafar et al. [2] studied the MHD flow and heat transfer over stretching/shrinking sheets with external magnetic field, viscous dissipation and Joule Effects. K.V.Prasad et al. [3] discussed the effect of variable viscosity on MHD visco-elastic fluid flow and heat transfer over a stretching sheet. P.R. Sharma and G. Singh [4] analyzed the effects of variable thermal conductivity and heat source/sink on MHD flow near a stagnation point on a linearly stretching sheet.
A new kind of fluid known as Nanofluid is first time proposed in Argonne National Laboratory in US by Choi at the time of investigations on coolants techniques and cooling processes. The Nanofluids are of nanometer sized particles that are metals, oxides, carbides or carbon nanotubes. The properties of Nanofluids are of special importance over the base fluid since thermal conductivity and convective properties of the Nanofluid predominant over the properties of the base fluid. The common base fluids include water, ethylene glycol, toluene and oil. Thermal conductivity is observed to be more effectively enhanced in the range of 15% -40% over the base fluid. A new engineering medium, called nanofluid attracted a wide range of researchers on many cooling processes in engineering applications, for instance in transportation, nuclear reactor, electronics as well as biomedicine and food. S. U. S. Choi [5] studied the Enhancing thermal conductivity of fluids with nanoparticles. Khan and Pop [6] discussed the boundary layer flow of nanofluids over a stretching surface. SandeepNaramgari and C. Sulochana [7] discussed the effect of MHD flow over a permeable stretching/shrinking sheet of a nanofluid with suction/injection. Sohail Nadeem and Changhoon Lee [8] analyzed Boundary layer flow of ISSN: 2231-5373 http://www.ijmttjournal.org
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nanofluid over an exponentially stretching surface. NorfifahBachok et al. [9] presented the Boundary layer stagnation-point flow and heat transfer over an exponentially stretching/shrinking sheet in a nanofluid. Wubshet Ibrahim and Bandari Shankar [10] discussed MHD boundary layer flow and heat transfer of a nanofluid past a permeable stretching sheet with velocity, thermal and solutal slip boundary conditions. M.M. Rashidi et al. [11] studied Homotopy simulation of nanofluid dynamics from a non-linearly stretching isothermal permeable sheet with transpiration.
Dissipation is the process of converting mechanical energy of downward-flowing water into thermal and acoustical energy. Various devices are designed in streambeds to reduce the kinetic energy of flowing waters, reducing their erosive potential on banks and river bottoms. Viscous dissipation is of interest for many applications: significant temperature rises are observed in polymer processing flows such as injection modeling or extrusion at high rates. Mohsen Sheikholeslami et. al [12] presented the Numerical simulation of MHD nanofluid flow and heat transfer by considering viscous dissipation. Sin Wei Wong et al. [13] discussed the Boundary layer flow and heat transfer over an exponentially stretching/shrinking permeable sheet with viscous dissipation. Yohannes Yirga and Daniel Tesfay [14] analyzed Heat and mass transfer in MHD flow of nanofluids through a porous media due to a permeable stretching sheet with viscous dissipation and chemical reaction effects.
The effect of thermal radiation on flow and heat transfer processes is of major importance in the design of many advanced energy conversion systems operating at high temperature. Thermal radiations within such systems occur because of the emission by the hot walls and working fluid. Boundary layer flow over a stretching surface in connection with thermal radiation and transverse magnetic field within nanofluid medium flow is important due to its application in engineering and industries, especially in the design of reliable equipment's, polymer and processing engineering, metallurgy, petrochemical industry, nuclear plants, gas turbines and various propulsion devices for aircraft, missiles, satellites and space vehicles.Mutuku-Njane and Makinde [15] were discussed the heat transfer analysis of MHD nanofluid flow over a permeable plate. Fekry M Hady et al. [16] discussed radiation effect on viscous flow of a nanofluid and heat transfer over a nonlinearly stretching sheet. Liancun Zhenga et al. [17] analyzed flow and radiation heat transfer of a nanofluid over a stretching sheet with velocity slip and temperature jump in porous medium. Abdul Sattar Dogonchi and Davood Domiri Ganji [18] investigated thermal radiation effect on the nanofluid buoyancy flow and heat transfer over a stretching sheet. Radiation and MHD boundary layer stagnation-point of nanofluid flow towards a stretching sheet embedded in a porous medium studied by Emad H. Aly [19] . Maria Imtiaz et al. [20] discussed the flow of magneto nanofluid by a radiative exponentially stretching surface with dissipation effect. Dulal Pal and Gopinath Mandal [21] examine the effect of Mixed convectionradiation on stagnation-point flow of nanofluids over a stretching/shrinking sheet in a porous medium with heat generation and viscous dissipation.
The study of heat transfer with chemical reaction in the presence nanofluids of large realistic importance to engineers and scientists, because of its almost universal incidence in many branches of engineering and science. This frequently occurs in petro-chemical industry, cooling systems and power, chemical vapour deposition on surfaces, heat exchanger design, cooling of nuclear reactors, geophysics and forest fire dynamics as well as in magneto hydrodynamic power generation system. N. G. Rudraswamy and B. J. Gireesha [22] presented the influence of chemical reaction and thermal radiation on MHD boundary layer flow and heat transfer of a nanofluid over an exponentially stretching sheet. Mohamed R. Eid [23] discussed the influence of Chemical reaction on MHD boundary-layer flow of two-phase nanofluid model over an exponentially stretching sheet with a heat generation. M.Das et al. [24] studied the mixed convection and nonlinear radiation in the stagnation point nanofluid flow towards a stretching sheet with homogenousheterogeneous Reactions effects. P. Sreedevi et al. [25] examine the Heat and mass transfer analysis of nanofluid over linear and non-linear stretching surfaces with thermal radiation and chemical reaction.
Motivated by the above reference work and the numerous possible industrial applications of the problem, it is of paramount interest in this study to investigate the MHD boundary layer nanofluid flow over an porous exponentially stretching sheet by considering the effect of viscous dissipation, thermal radiation and chemical reaction and solved numerically by adopting the well-known implicit finite difference scheme known as Keller-Box method. The aim of the present study is to extend the work of Bhattacharyya and Layek [26] .The numerical solutions are analyzed graphically for different flow parameters involved in the problem by using MATLAB. The numerical values of local skin friction coefficient, local Nusselt number and local ISSN: 2231-5373 http://www.ijmttjournal.org
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Sherwood number for different values of the flow parameters are also tabulated.
MATHEMATICAL FORMULATION:
Consider a steady two-dimensional flow of an incompressible viscous and electrically conducting nanofluid caused by a stretching sheet, which is placed in a quiescent ambient fluid of uniform temperature of the plate and species concentration are raised to Tw (> T∞) and Cw (> C∞), respectively, which are thereafter maintained constant, where Tw, Cw are temperature and species concentration at the wall and T∞, C∞ are temperature and species concentration far away from the plate, respectively. The x-axis is taken along the stretching sheet in the direction of the motion and y-axis is perpendicular to it. Consider that a variable magnetic field B(x)is applied normal to the sheet and that the induced magnetic field is neglected, which is justified for MHD flow at small magnetic Reynolds number. A physical model with the coordinate system of the problem shown in Figure ( 
a).
Under the above assumptions and usual boundary layer approximation, the steady MHD boundary layer flow of nanofluid flow over an exponentially stretching sheet in presence of chemical reaction and thermal radiation are governed by the following equations of momentum, energy and species concentration are written in usual notation as: It is assumed that the permeability K of the porous medium takes the following form
where k 0 is reference permeability.
The boundary conditions are given by Using (9), the equations (1)- (3) are transformed to the following ordinary differential equations: The boundary conditions (6) reduce to the following form: , ,
that is,
Re is the local Reynolds number.
METHOD OF SOLUTION:
Equations (10)- (12) are nonlinear, it is impossible to get the analytical solutions. Consequently, the equations using the boundary conditions (13) are solved numerically by means of a finite-difference scheme known as the Keller-Box method. This method has four fundamental steps. First step is converting the Eq. (10)- (12) into a system of first order ordinary differential equations. The second step is approximating the derivatives in system of first order equations with central difference approximations. The third step is linearizing the nonlinear algebraic equations with Newton's method and then casting as the matrix vector form. Finally, solving the system of linear equations using block tridiagonal elimination scheme with the suitable initial solution. This method has a second order accuracy and is unconditionally stable. For this iterative scheme to solve the system of equations, a convergent criterion i.e., when difference between two successive approximations is sufficiently small ( 5 10   ) is used. In this study a uniform grid of size Δ = 0.001 is taken and the solutions are obtained with an error of tolerance 5 
10
 in all cases, which gives four decimal places accurate for most of the prescribed quantities as shown in the table. One of the factors modifying the accuracy of the method depends on the initial guesses. The following initial guesses dependent on the convergence criteria and the boundary conditions (13) . We assume the initial guesses as
RESULTS AND DISCUSSIONS:
In this study, we analyzed the effect of thermal radiation, viscous dissipation, permeability parameter and chemical reaction on the MHD boundary layer flow of a nanofluid over an exponentially stretching permeable sheet. The transformed nonlinear ordinary differential equations (10)-(12) with boundary conditions (13) are solved numerically using Keller box method. Dimensionless velocity, temperature and concentration profiles as well as the local skin friction coefficient, Nusselt number and Sherwood number were analyzed for different emerging flow parameters involved in the problem. The numerical results were discussed for the various values of the parameters graphically and in the tabular form.
To validate the numerical accuracy, the values of skin friction coefficient are compared with the results of Magyari and Keller [27] and Krishnendu Bhattacharyya and G.C.Layek [26] in Table 1 without magnetic field, chemical reaction, viscous dissipation, radiation and nonporous stretching sheet and the results are found in good agreement. Thus we are very much confident that the present results are accurate. Figure 1 exhibits the effect of magnetic parameter (M) on the dimensionless velocity. It is observed that the velocity profile of the nanofluid is reduced with increasing values of M. As expected, the velocity decreases with an increase in the magnetic parameter. It is because that the application of transverse magnetic field will result in a resistive type force (Lorentz force) similar to drag force which tends to resist the fluid flow and thus reducing its velocity. Also, the boundary layer thickness decreases with an increase in the magnetic parameter. We also see that velocity profiles decrease with the increase of magnetic effect indicating that magnetic field tends to retard the motion of the fluid. Magnetic field may control the flow characteristics. Figures 2  and 3 are shows the effect of magnetic parameter M on the dimensionless temperature and nanoparticle concentration. The dimensionless temperature and concentration profiles are accelerated with the increasing values of magnetic parameter (M). As the Lorentz force is a resistive force which opposes the fluid motion, so heat is produced and as a result, the thermal boundary layer thickness and nanoparticle volume fraction boundary layer thickness become thicker for stronger magnetic field.
Figures 4, 5 and 6 illustrate the effect of suction/bowling parameter S on the velocity, temperature and concentration profiles in the stretching sheet boundary layer flow. The flow is observed to be strongly decreased with suction (S>0) whereas it is increased significantly with blowing (injection S<0). Suction causes the boundary layer to adhere more closely to the wall and this destroys momentum leading to fall in velocity. Momentum boundary layer thickness is therefore decreased with suction. Conversely injection adds nanofluid via lateral mass flux through the sheet and this assists increase in momentum, improving velocity and causing a simultaneous increase in momentum boundary layer thickness. Admirable flow control is achieved in the nanofluid sheet regime with suction. Temperature and concentration are also found to be strongly decreased with the presence of suction (Figs. 5 and 6). Suction achieves a strong suppression of nano-particle species diffusion and also regulates the diffusion of thermal energy in the boundary layer. This shows that suction has significant effects on the establishment of engineered nanofluids and shows that suction is an exceptional mechanism for achieving flow control, cooling and nano-particle distribution in nanofluid fabrication.
The influence of the Prandtl number on the temperature distribution is shown in Figure 7 . As the Prandtl number increases the thermal boundary layer thickness is decreases and thermal diffusion in the regime is inhibited leading to fall in temperature. Figure 10 shows the influence of thermophoresis parameter (Nt) on the concentration distribution. The concentration boundary layer thickness increases with the increasing of Nt.
Figure11 reveals that the influence of Eckert number (Ec) on temperature profile. Eckert number is the ratio of the kinetic energy of the flow to the boundary layer enthalpy difference. The wall temperature of the sheet increases as the values of Ec increase. Moreover, when the values of Ec increase, the thermal boundary layer thickness increases. This is due to the fact that the heat transfer rate at the surface decreases with increasing of Ec as shown in Table 3 . Figure 12 depicts the effect of Lewis number (Le) on concentration profile. Lewis number Le is the ratio of thermal diffusion rate to species diffusion rate in the boundary layer regime. Larger Le values will suppress concentration profile.
Effect of chemical reaction parameter (  )
on nanoparticle volume fraction profile is shown in Fig. 13 . It is observed that the concentration profile of the fluid decreases with increasing of chemical reaction parameter. This is due to the fact that chemical reaction in this system results in consumption of the chemical and hence results in decrease of concentration profile. The most important effect is that the first order chemical reaction has a tendency to shrink the over shoot in the profiles of the concentration in the boundary layer. Figure 14 shows effect of permeability parameter K1 on the velocity profile. It is obvious that the presence of a porous medium causes higher restriction to the fluid flow which, in turn, slows its motion. As a result of this the shear stress at the surface increases. Therefore with increasing permeability parameter the resistance to the fluid motion also increases. This causes the fluid velocity to decrease.
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Influence of radiation parameter on the temperature profile is depicted in Fig. 15 . We observed that an increase in radiative parameter leads to an enhancement in the temperature profile. Thus larger values of R show a dominance of the thermal radiation over conduction. Consequently larger values of R are indicative of larger amount of radiative heat energy being poured into the system, causing a rise in temperature. The numerical values of the skin-friction coefficient,
Nusselt number and the Sherwood number for various physical parameters are presented in Table 2 .
It is observed that as M, K1increases, both the Nusselt number and the Sherwood number decrease whereas skin-friction coefficient increases. An increase in suction parameter S leads to increase in the Nusselt number, Sherwood number and skinfriction coefficient. 2. An increase of suction parameter S leads to fall in the velocity, temperature and concentration distributions. 
